Single crystals of Cs 2 (UO 2 )(NO 3 )Cl 3 were prepared by a hydrothermal method at 205 • C. The crystal structure has been solved by Direct Methods: monoclinic, P2 1 /n, a = 10.3748(13), b = 9.4683(13), c = 12.5535(16)Å, β = 110.280(2) • , V = 1156.7(3)Å 3 , R 1 = 0.029. In the structure, strongly bonded linear uranyl cations UO 2 2+ are equatorially coordinated by two O and three Cl atoms to form (UO 2 )Cl 3 O 2 pentagonal bipyramids. Each bipyramid shares its O-O edge with an adjacent (NO 3 ) − anion to form finite clusters with the chemical composition [(UO 2 )(NO 3 )Cl 3 ] 2− . The Cs + cations provide three-dimensional connectivity of the structure by forming Cs-O and Cs-Cl contacts to the uranyl nitrate chloride complexes. Related structures of mixed-ligand uranyl halides are compared.
Introduction
Within the past decade great attention was paid to the crystal chemistry of inorganic uranyl oxocompounds due to their environmental and technological importance [1] , whereas inorganic uranyl halides received relatively little focus, despite their interest from the viewpoint of nuclear technology and radioactive waste management [2] . An understanding of the chemistry and structures of alteration of uranyl phases is important for predicting the long-term behavior of radioactive wastes in a geological repository, as some of the alteration products may incorporate radionuclides into their structures. Herein we report on the synthesis and crystal structure of the new cesium uranyl nitrate chloride that is based upon finite [(UO 2 )Cl 3 (NO 3 )] 2− units and compare the results with related structures of uranyl oxohalides.
Experimental Section

Synthesis
Single crystals of Cs 2 (UO 2 )(NO 3 )Cl 3 were prepared by a hydrothermal method from a mixture of CsCl (0.674 g) and UO 2 (NO 3 ) 2 · 6H 2 O (0.450 g) with 10 mL of H 2 O. The pH of the mixture was adjusted to 10 by addition of NaOH. The re-0932-0776 / 11 / 0200-0142 $ 06.00 c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com Qualitative electron microprobe analysis (LINK AN-10000 EDS system) indicated the absence of other elements with atomic number greater than 11 (Na), except U 6+ , Cs + and Cl − . Quantitative electron microprobe analysis was not performed taking into account the high volatility of Cl under an electron beam.
X-Ray structure determination
For the crystal structure analysis, a small single crystal of Cs 2 (UO 2 )(NO 3 )Cl 3 was isolated by mechanical fragmentation and measured with a Bruker three-circle Smart APEX II X-ray diffractometer with graphite-monochromatized MoK α radiation operated at 50 kV and 40 mA. More than a hemisphere of data was collected. According to the systematic extinctions, the space group P2 1 /n (no. 14) was derived. Structure solution and parameter refinement (fullmatrix least-squares against F 2 ) was successfully performed in this group, using the SHELX-97 software suite [3] with anisotropic displacement parameters for all atoms. All relevant details of the data collection and evaluation are listed in Table 1 . The final difference Fourier synthesis did not reveal any significant residual peaks. The positional parameters (Table 2) and the interatomic distances and angles (Table 3) are listed below. The anisotropic displacement parameters are available as Supporting Information (online only). See note at the end of the article for availability.
Further details of the crystal structure investigation may be obtained from Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen, Germany (fax: +49-7247-808-666; e-mail: crysdata@fiz-karlsruhe.de, http:// www.fiz-informationsdienste.de/en/DB/icsd/depot anforderung.html) on quoting the deposition number CSD-422362.
Results
The structure of Cs 2 (UO 2 )(NO 3 )Cl 3 contains one independent U atom, which is bonded to two O atoms forming uranyl ions (Ur) with U-O Ur bond lengths of 1.75 and 1.76Å. The uranyl ion is coordinated by two O and three Cl atoms arranged at the equatorial vertices of a UrCl 3 O 2 pentagonal bipyramid. Differences in size between chlorine and oxygen atoms contribute to the distortion of the polyhedron. The U-O eq (eq: equatorial) bond lengths range from 2.49 to 2.59Å, which is notably longer than the value of 2.37Å obtained for "pure" oxygen uranyl pentagonal bipyramids [4] . This increment of the average bond length value is caused by the participation of O(3) and O(5) atoms in strongly bound NO 3 groups. The U-Cl eq bond lengths vary from 2.68 to 2.72Å. The structure contains two independent Cs sites each coordinated by eight anions to form Cs(1)Cl 3 O 5 and Cs(2)Cl 4 O 4 configurations. As it is typical for nitrates, the unique N site in the structure is in triangularplanar coordination, with an average N-O bond length of 1.25Å.
The bond-valence sums for the atoms in the structure were calculated using parameters given by Burns et al. [5] for U 6+ -O bonds and by Brese and Fig. 2a ). These units consist of UrCl 3 O 2 pentagonal bipyramids with the two equatorial O atoms forming strong covalent bonds to the N atom, which results in sharing of one edge of the bipyramid with the NO 3 triangle (Fig. 1) 2− units held together by cesium cations.
Discussion
The compound Cs 2 (UO 2 )(NO 3 )Cl 3 reported herein complements the class of inorganic uranyl oxohalides containing mixed (oxygen-halogen) coordination in the equatorial planes of Ur cations. The UrX 2 O 3 (X = Cl, Br) isolated bipyramid with two chlorine anions in the equatorial plane (Fig. 2b) has previously been observed in (UO 2 )X 2 (H 2 O) 3 (X = Cl, Br) [9, 10] . Tetragonal UrX 4 (X = Cl, Br) bipyramids with the uranyl cation coordinated by four equatorial halide anions (Fig. 2c) have been found in the crystal structures of A 2 (UO 2 )X 4 (X = Cl, Br; A = Cs, Rb) [11] [12] [13] [14] .
Edge linking of uranyl bipyramids Ur(X m O n ) 5 (X = Cl, Br) results in the formation of various condensed units as shown in Fig. 2 . There are two types of dinuclear units (Figs. 2d, e (Fig. 2d) or an X-X (X = Cl, Br) equatorial edge [as in (Fig. 2e) . In the crystal structures of (UO 2 ) 4 (Figs. 2f, g, h) . It is noteworthy that the structure of K 2 (UO 2 ) 4 Cl 4 O 2 (OH) 2 ·6H 2 O contains Ur cations in two compositionally different coordinations, UrCl 2 O 3 and UrClO 4 (Fig. 2f) , whereas the structures of (UO 2 ) 4 (Fig. 2g) and UrCl 3 O 2 (Fig. 2h) , respectively. In some cases, polycondenzation of Ur(X m O n ) 5 (X = Cl, Br) coordination polyhedra results in the formation of higher-dimensional topologies. Infinite chains formed by sharing Cl-Cl edges between UrCl 4 O pentagonal bipyramids (Fig. 2i) are present in the crystal structure of (UO 2 )Cl 2 (H 2 O) [9, 20] . Similar chains, but with another and more complex alternation sequence of Cl atoms (Fig. 2j) , are involved in the formation of layers in the structures of A 7 [(UO 2 ) 8 (VO 4 ) 2 ]O 8 Cl] (A = Rb, Cs) [21] . The structure of Cs 0.9 (UO 2 )OCl 0.9 [22] is based upon double chains formed by edge linkage of UrCl 2 O 3 polyhedra (Fig. 2k) (Fig. 2d) , the sharing of bipyramids via common equatorial Cl-Cl edges gives rise to unusual 1-D units [23] (Fig. 2m) (Fig. 2l) . Simple single chains depicted in Fig. 2i may share their common O atoms to form a 3D unit (Fig. 2n ) observed in the crystal structure of UO 2 Cl 2 [24] . Note that, in this case, O atoms of the uranyl cation are also involved in the aggregation of coordination polyhedra.
As it can be seen from the discussion above, most of the uranyl halides are hydrous species with 3-D linkage of the Ur(X m O n ) 5 units provided by hydrogen bonding or interstitial alkali cations. Linking of uranyl bipyramids through their equatorial edges results in the dominance of 0-D and 1-D polyhedra within this class of compounds. This feature is in strong contrast with pure uranyl oxo-compounds, where corner-linking of uranyl bipyramids often results in the formation of sheets with unique and unprecedent diversity [5] .
The uranyl nitrate chloride Cs 2 (UO 2 )(NO 3 )Cl 3 described herein and its comparison with related uranyl compounds illustrate the remarkable structural diversity and variability of uranyl oxohalides. In general, linkage of Ur(X m O n ) 5 polyhedra may proceed not only via edge-but also via corner-sharing. Cs 2 (UO 2 )(NO 3 )Cl 3 is the first purely inorganic uranyl oxohalide containing triangular NO 3 groups strongly bonded to Ur(X m O n ) 5 polyhedra (see also [7, 8] ). Further systematic attempts of hydrothermal synthesis of new alkali uranyl halides using halides of the heavier alkali metals (K, Rb, Cs) halides in excess as starting materials may lead to the discovery of new structure types with potentially interesting applications.
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